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INTRODUCTION
The Peace Support Operations Team at International Data 
Farming Workshop 15 used the simulation system "PAX" to 
gain insight into specific aspects of peace support 
operations.
PAX focuses on tactical miniature scenarios in the context 
of peace support missions. Both military expertise and 
empirical findings from psychological research on aggression 
were used in the design of PAX. Psychological factors having 
an influence on the decisions and the behavior of all persons 
concerned may have a considerable effect on the development 
of an operation.
PAX concentrates on modeling peace support operations 
on a detailed tactical level. Since being of secondary interest in 
the question sets examined, terrain is modeled in a fairly 
abstract way in a grid-based environment with a distinction 
between normal cells, built-up cells and obstacles. Due to its 
nature and objectives, the model focuses on the detailed 
representation of the individual civilians and their internal 
states, including emotions such as fear or anger and their 
interrelation. The military forces modeled in PAX, on the other 
hand, have the possibility to not only use different types of 
weapons, as in existing military simulations, but to also take 
measures of active de-escalation, such as trying to calm down 
people or talking to the leader of a civilian group.
The current PAX version 3.0 provides the military analyst 
with means to examine question sets in a variety of easy to set 
up PSO scenarios. Thus, the main goals in the development of 
this "Toolbox PAX" were to make the model flexible enough to 
be used in a broad variety of scenarios, examining different 
aspects of PSO missions, while at the same time keeping the 
user interface easy and intuitive enough for the military 
expert to use it without an excessive introduction.
Scenario
The scenario examined during the workshop was based on a 
crowd control "Demonstration" situation in a stabilization 
operation. Different options for the military side should be 
discussed and analyzed.
The situation was considered to consist of the following 
elements:
• An event organized by political-religious party A is 
taking place in a  town hall in the center of a town 
predominantly inhabited and controlled by party B. The 
event is scheduled and expected to end at 1000.
• PAXFOR intelligence reports:
o A group of rather extremist counter-demonstrators, 
who are known for their aggressive behavior, is 
expected to approach the city hall around 0945 after 
the end of another event organized by party B. This 
countermarch is announced and approved by the 
local forces. 
o A group of rather aggressive young adults 
sympathizing with party B is also expected to 
approach the city hall around 0930. They are known 
for their dislike against members of party A. While 
they are not expected to immediately show open 
aggression, this may change especially when aroused 
or intoxicated. They are not expected to sympathize 
with PAXFOR so that aggression, once arising, may 
expand to violent acts against PAXFOR, too.
o Heavily armed combatants are not expected to be in 
the town centre since the local  population is 
considered friendly and would probably note and 
report suspicious non-locals to the local 
administration. However, both groups belonging to 
party B might be slightly armed and carry along bats 
or use other items like bottles, cans or stones to attack 
their antagonists.
Table 1 summarizes the groups' attitudes and different 
intentions.
Group Main setup of group 
members
Primary intention
Members of party A Rather peaceful, but still 
highly aroused and 
showing a high group 
cohesiveness.
Leave the town hall and 
return home
Youngsters of party B Rather high readiness for 
aggression and low 
willingness for 
cooperation




High readiness for 
aggression and anger, 
low fear
Demonstrating against 
members of party A
Bystanders Low anger / readiness for 
aggression, low fear, no 
group cohesiveness
Walk around
Table 1: Groups and their primary intention
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The basecase scenario is shown in Figure 1, an aerial view 
of the terrain using the mission preparation tool VIPER-3D, 
developed at the EADS System Design Centre.
Figure 1: Scenario overview in VIPER-3D
Figure 2 presents a possible equivalent scenario modeled 
with the PAX scenario editor.
 Figure 2: Basecase scenario modeled in PAX
The PAXFOR Operations Analysis cell  is asked to provide 
assistance for the planning of the operation considering the 
following circumstances and question sets:
• What are the benefits of extensive reconnaissance 
measurements prior to the operation? 
• What can be done to prevent bystanders from being 
involved in any conflicts and behaving aggressively 
themselves?
• How can it be assured that peaceful members of party 
A are able to leave the town hall without being 
attacked by aroused counter-demonstrators. 
• How does the announcement of threat of force 
influence the civilians' behavior?
• Under which circumstances can the situation escalate 
to an unacceptable extent?
o Is the relationship of civilians behaving in a 
violent way compared to the manpower of the 
soldiers a sufficient indicator for this?
o What other indicators are of interest?
o Under which circumstances is it recommended to 
stop the operation because extreme escalation can 
not be avoided?
• Does the use of weapons and protective equipment 
add significantly to military success?  Under which 
circumstances?
• Under which circumstances and how is it possible to 
distract or canalize bystanders and other civilian 
groups in order to help deescalate the situation?
The basic scenario was set up in PAX and the team 
members developed vignettes representing different possible 
situations in which the effects of different PAXFOR tactics 
could be analyzed.
ANALYSIS
The main focus of the analysis was to examine how different 
rule sets of the soldiers, e.g. Rules of Engagement (RoEs), 
affect the situation in terms of the following Measures of 
Effectiveness (MOEs):
• overall escalation of the situation,
• number of casualties on soldiers' side,
• number of casualties on civilians' side,
• number of party A members leaving the town hall 
without being attacked by other civilians,
• number of arrests
• number of civilians attacking with weapons
Having discussed the given scenario, the group was 
mainly interested in considering the influence of the following 
factors:
• Different number of counter-demonstrators
• The counter-demonstrators' attitude towards the party 
A members and towards the military (from rather 
peaceful to highly hostile)
• Different number of soldiers
• Different rulesets for  the soldiers
Determining the important factors
To find out the most important model parameters with 
regard to the given list of MOEs, a number of PAX 
parameters were analyzed in a simulation experiment using 
the Nearly Orthogonal Latin Hypercube (NOLH) design 
provided by the Naval Postgraduate School (NPS) Monterey, 
CA, USA.
The NOLH design used contained 27 parameters, listed 
below. Each design point was calculated using a MultiRun of 
the simulation model PAX with 20 replications, each with a 
different random seed.
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NOLH Farming Parameters Min Max
Number of counter-demonstrators 50 200
Attitude of party A members towards the military -60 60
Attitude of party B members towards the military -60 60
Attitude of party B youngsters towards party B 
counter-demonstrators -60 60
Party A cognitive motive to leave the town hall 50 100
Party A anger 10 60
Party A readiness for aggression 10 60
Party A personality constant anger 5 80
Party A personality constant fear 5 80
Party B personality constant anger 5 80
Party B personality constant fear 5 80
Party B counter-demonstrators anger 40 80
Party B counter-demonstrators dog factor 1.5 2.0
Party B counter-demonstrators norms for anti-
aggression 5 30
Party B counter-demonstrators readiness for 
aggression 50 90
Party B counter-demonstrators willingness for 
cooperation 10 80
Party B youngsters dog factor 0 2.0
Party B youngsters norms for anti-aggression 5 50
Party B youngsters readiness for aggression 40 90
Party B youngsters entry time 10 80
Bystanders' anger 20 90
Military cordon's threshold for calling reinforcement 0 40
Military escort's duration of action arrest 3 10
Military escort's threshold for intervention 0 200
Military escort's shoving strength 50 100
All soldiers' rule set 1 4
Table 2: Parameters varied in NOLH design study
A soldier's rule set defines his reactions to certain civilian 
actions under specific side conditions. The "PSO Manual" rule 
set represents a moderate reaction to civilian actions trying to 
create a balance between an immediate sharp reaction and a 
complete laissez-faire attitude. 
If the soldiers behave according to the "Gandhi" rule set, 
they always try to pacify the civilians. 
Rule set "Arrest on attacks" specifies that soldiers are 
supposed to arrest the civilian attackers (no matter  whether 
any weapons are used).
Rule set 4 ("Singapore - IDFW15") was developed within 
the working group. Its motivation is to allow some freedom of 
protest up to a point of high group escalation, after which the 
soldiers will react by 
• firing a warning shot in case they are threatened by 
the civilians and 
• arresting the civilians throwing stones in case they are 
attacked by the civilians. 
Figure 3  shows the rules of the various rule sets for the 
soldiers' behavior.
When analyzing the data with the help of commercial off 
the shelf (COTS) statistical software, the following parameters 
turned out to be significantly important for the MOEs 
described above:
• party B counter-demonstrators' attitude towards the 
military
• party B counter-demonstrators' readiness for 
aggression
• party B counter-demonstrators' and party B 
youngsters' dog factor1
• party B youngsters' entry time
• soldiers' rule set
Figure 3: Rule sets examined
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1 The civilian's dog factor influences the evaluation of the soldiers' actions 'Threaten' or 'Defend'. A high value results in a 
higher increase of fear.
Full factorial experiment
Based on the results of the NOLH design experiment and in 
order to assess the effect of the different rules of engagement, 
it was decided to set up a  full factorial design experiment 
varying the party B counter-demonstrators' readiness for 
aggression and their dog factor together with the soldiers' 
rule set. 
Full Factorial Farming Parameters Min Max StepSize
Party B counter-demonstrators readiness for 
aggression 30 90 10
Party B counter-demonstrators dog factor 0.1 1.5 0.2
All soldiers' rule set 1 4 1
Table 3: Parameters varied in full factorial design study
All in all the full factorial study consisted of 4480 single 
PAX runs performed on a 128 node cluster of the Simulation 
and Test Environment of the German Bundeswehr in 
Euskirchen / Germany.
Comparison of the rule sets
Prior to analyzing the result landscapes of the full  factorial 
experiment, the team members wrote down their 
expectations for each ruleset regarding 
• the escalation accumulated during the simulation by 
aggressive actions (i.e. "attacks" and "threats") 
performed by civilians
• the escalation accumulated during the simulation by 
soldiers' use of force (including threatening and 
defending actions),
• the number of attacking actions performed by 
counter-demonstrators involving weapons and 
• the number of defending actions with a shooting 
weapon performed by soldiers.
Figure 4: The team members' expectations 
regarding various MOEs
Regarding the PSO Manual rule set, the team members' 
expectations were mostly met. The "IDFW15 – Team 3" rule 
set, however, performed much better than expected.
Figure 5: Performance of the different rule sets with regard 
to the aggregated escalation that resulted from actions 
performed by civilians
The simulation showed that arresting aggressive civilians 
in a fairly early stage of escalation seems to be a very effective 
means to keep control of the situation.
The evaluation of the result landscape for the MOE 
"Number of Party A members killed" shows that especially the 
rule sets "PSO Manual" and "Gandhi" do not perform well in 
protecting the party A members. (see figure 6)
Figure 6: Performance of the different rule sets 
with regard to the number of party A members killed
However, if the soldiers behaved according to rule set 
"Gandhi", trying to avoid any violent actions and pacifying 
the civilians whenever possible, the overall number of 
civilians killed was heavily reduced. (see figure 7).
The big surprise in comparing the performance of the 
rule sets was that even if the soldiers acted in a  significantly 
tougher way versus party B members ("PSO Manual"), 
resulting in injured and killed party B people, they did not 
perform better in protecting party A members than by using 
the pacifying "Gandhi" rule set.
Thus it appears that in this scenario, if the soldiers do not 
have any means of arresting aggressive civilians, deescalating 
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the situation by pacifying the civilian population seems to be 
the best way to minimize civilian casualties.
Figure 7: Performance of the different rule sets 
with regard to the overall number of civilians killed
CONCLUSIONS
PAX was successfully applied using the Data  Farming 
methodology and tool box to analyze and discuss the 
soldiers' options for actions within the given crowd control 
scenario and to examine how their behavior influences the 
civilian population. Prior to setting up the scenario in PAX, 
the overall scenario situation was examined using the virtual 
reality tool for mission preparation "VIPER-3D".2
The Data Farming process including:
• the identification of the most important factors with 
regard to the relevant MoEs using the NOLH design 
of experiments;
• full factorial experiment designs for finding out more 
especially about the effectiveness of the specific rule 
sets; and
• course of action analysis on representative single runs 
to learn more details about the effects responsible for 
average, good or bad performance of the forces
proved to be very effective regarding the applicability 
and maturity of the method and tools and regarding the 
quality of the results.
The international collaboration in the team and especially 
the expert knowledge of the foreign team members was very 
helpful to get new perspectives and incentives for further 
developments of PAX, usage of experimentation techniques, 
data analysis tools and areas of application.
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2 VIPER-3D had already been applied during the preparation phase in Germany, not at the workshop in Singapore.
